Abstract -Exploration of the synthesis and chemistry of a new class of hydrocarbons is described, the "phenylenes", composed of alternating fused benzene and cyclobutadiene rings. Related structures include extended sp-carbon nets and heterocyclic analogs. These molecules are of great theoretical and potentially practical interest in the search for novel molecules that may exhibit (super)conductive behavior. Their unique topology makes them also excellent candidates as precursors to novel (hydro)carbon cages and related assemblies. Facile access to these compounds is made possible by the application of transition metal catalysis.
INTRODUCTION Aromaticity is one of the fundamental concepts of organic chemistry (ref. l), its essence epitomized by Huckel's rule (ref. 2).
Pivotal in the attempts to understand the behavior of cyclic conjugated x-systems has been the juxtaposition between the aromatic molecule par excellence, benzene, and its antiaromatic (ref. 3) counterpart, cyclobutadiene. In the words of Maier (ref. 4), "benzene and cyclobutadiene are worlds apart," and therefore organic molecules containing both fragments are of special importance in efforts aimed at understanding the basic features associated with x-conjugation. Prior to the work described here, the only simple stable molecule on which to probe these matters was biphenylene (1) (ref. 1) .
[ m -@ p m -l q 1 In a nutshell, this molecule combines the properties of the component rings, revealing physical and chemical characteristics reflecting both antiaromaticity and aromaticity, in addition to those related to the ring strain inherent in its topology. The interpretations of these data has been controversial, particularly in light of recent developments that pinpoint the o-frame in benzene as being responsible for its symmetry and, ultimately, its "aromatic" behavior (ref. 4). Not surprising, therefore, is the degree of scrutiny to which 1, its benzoderivatives, and its higher and lower "homologs" have been 8). Connected with these topics is the anticipated novel organometallic chemistry of the strained and electronically reactive x-framework. Finally, the direct connections of the component benzene rings might be exploited in the assembly of the shortest "spacer" analogs of the corresponding acenes, a facet that has already been put to use in the synthesis of biphenylene-bridged porphyrins (ref. 9).
RESULTS AND DISCUSSION
The reason for the original dearth of information on this class of compounds was the absence of viable and general synthetic methods for their construction. This state of affairs has been drastically altered by our discovery that r$-C5H5Cob .(L = CO, CH,CH,) catalyzes the cocyclization of -o-diethynylarenes with alkynes to furnish biphenylenes (Scheme I) (ref. 10).
As the requisite alkynylarenes are readily prepared from the corresponding haloarenes by Pd-catalyzed alkynylation and because R (Scheme I), when equal to Si ( 
15) via hexaethynylbenzene 6 (ref. 16).
The 30 x system 6 is of separate intrinsic interest (Scheme 11). Indications that the angular series may be tackled synthetically were provided by the successful isomerization of 8 to 3 (N = 3), remarkable because of the extraordinary degree of strain (-110 kcal mol-'), that is introduced in this step (ref. 17) . Finally, Ni(0) catalyzes the efficient conversion of a number of the systems (made by the Pd-Co-"tandem catalysis" route outlined above) to the corresponding tetrabenzocyclooctatetraenes, opening yet other avenues towards hitherto inaccessible frameworks (ref. 18). 428, 448,4701, and, perhaps most significantly, reveal increasing deshielding of the "inside" aromatic hydrogens [3 (N = 3,4,5): 6(CD2CI2) 6.176, 6.312 (isochronous), 6.51 11. Our (currently tentative) interpretation of the data proposes that these molecules maximize local aromatic (benzenic) circuits at the expense of generating (a minimum) of cyclohexatrienic moieties [e.g. 3 (N = 5) would thus be best described as composed of three "aromatic" benzenes at the termini and at the center, the remaining two suffering bond fixation]. Nevertheless, theory suggests the series to be destabilized relative to 2! Clearly, much work needs to be done to understand the behavior of these hydrocarbons.
